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Background Muscle strength and body size may be associated with coronary heart disease (CHD) and stroke risk. However, perhaps because of a low number of cases, existing evidence is inconsistent.
Methods
Height, weight, systolic (SBP) and diastolic blood pressure (DBP), elbow flexion, hand grip and knee extension strength were measured in young adulthood in 1 145 467 Swedish men born between 1951 and 1976. Information on own and parental social position was derived from censuses. During the register-based follow-up until the end of 2006, 12 323 CHD and 8865 stroke cases emerged, including 1431 intracerebral haemorrhage, 1316 subarachoid haemorrhage and 2944 intracerebral infarction cases. Hazard ratios (HR) per 1 SD in the exposures of interest were computed using Cox proportional hazard model.
Results
Body mass index (BMI, kg/m 2 ) showed increased risk with CHD and intracerebral infarction, whereas for intracerebral and subarachoid haemorrhage both under-and overweight was associated with increased risk. Height was inversely associated with CHD and all types of stroke. After adjustment for height, BMI, SBP, DBP and social position, all strength indicators were inversely associated with disease risk. For CHD and intracerebral infarction, grip strength showed the strongest association (HR ¼ 0.89 and 0.91, respectively) whereas for intracerebral and subarachoid haemorrhage, knee extension strength was the best predictor (HR ¼ 0.88 and 0.92, respectively).
Conclusion Body size and muscle strength in young adulthood are important predictors of risk of CHD and stroke in later life. In addition to adiposity, underweight needs attention since it may predispose to cerebrovascular complications.
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Introduction
Obesity is one of the most important modifiable risk factors for coronary heart disease (CHD), 1 and there is strong evidence that it is independently associated with increased risk of cerebrovascular diseases. 2 In addition to adipose mass, muscle mass may have important effect on risk of cardiovascular diseases (CVD). Previous studies have shown that skeletal muscle strength is inversely associated with the incidence of CVD [3] [4] [5] as well as several metabolic factors, such as impaired glucose tolerance or type 2 diabetes, 6 hyperinsulinemia 7 and both the prevalence [8] [9] [10] and incidence of the metabolic syndrome.
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These associations may be partly explained by the fact that muscle strength is an indicator of general physical fitness, which is closely associated with risk of CVD. 12 However, there is increasing evidence suggesting that muscle tissue is an important organ influencing human metabolism and thus can directly affect risk of metabolic diseases. 13 This is in accordance with previous studies showing that higher lean body mass at baseline is associated with lower mortality. 14, 15 Even when muscle strength is closely associated with muscle mass, a previous study found that grip strength was associated with incidence of CVD in men even after arm muscle area and fat free mass were taken into account suggesting independent effect. 5 There are, however, several factors which can contribute to the associations between strength and CVD incidence. First, muscle mass is correlated with both stature and weight. Tall stature is known to be associated with lower CHD risk. 16 For cerebrovascular diseases this association is less clear: a Scottish study, for instance, found a clear inverse association between stature and haemorrhagic stroke, whereas the association with ischaemic stroke was weaker and statistically non-significant. 17 Thus, when analysing the effect of muscle mass on risk of CVD, the role of body size needs to be taken into account. Second, it is well known that both obesity 18 and height 19 are associated with social position, and it is likely that socioeconomic differences exist for muscle strength as well. Given that social position is associated with risk of metabolic diseases, 20 it may confound associations between body size, muscle strength and CVD risk.
In this study, we aim to analyse the association between muscle strength, relative weight and stature and their interactions, if any in young adulthood with CHD and stroke incidence in a very large cohort of Swedish men. Additionally, we will examine whether socioeconomic factors can explain these relationships. The large sample size also gives us the opportunity to explore stroke type-specific effects with adequate power.
Data and methods
The anthropometric data were derived from the Swedish Military Service Conscription Register.
The study was approved by the Ethics Committee, Stockholm, Sweden and follows the rules and principles of the Helsinki declaration. Conscription examination, which predates active military service, was mandatory by law for all male Swedish citizens in our study cohort born 1951-76, and only those with a severe handicap or a chronic disease were exempted. Age at the time of the conscription examination (1969-94) varied from 16 to 25 years (median age 18.2 years), but only 1.36% of the participants were younger than 17 or older than 20 years. During the conscription examination, diastolic (DBP) and systolic blood pressure (SBP), elbow flexion, hand grip and knee extension strength as well as height and weight in underclothes and without shoes were measured according to a protocol. 21, 22 The exact measurement protocol was regarded as confidential information by the Swedish Army and was not revealed to us. However, we checked in preliminary analyses that there were no systematic differences in the mean values of the measures between conscription offices suggesting that a uniform protocol was used. We also confirmed that the values of elbow flexion, hand grip and knee extension strength in these data were close to values in a previous study of 31-to 35-year-old Finnish men. 23 
Statistical methods
The data were analysed using Cox proportional hazard models. The proportional hazard assumption for multiple endpoints was tested graphically and no evidence for violation was found (data not shown but are available from the corresponding author). When analysing continuous variables, the results are presented as standardized hazard ratios (HRs) by transforming each variable to have a mean of 0 and a SD of 1. The HRs presented are for a 1 SD increase in each of the exposure variables (BMI, height and strength). Socioeconomic variables were treated as categorical variables in the modelling. All statistical models were carried out by the Stata statistical package (version 9.2). Table 1 presents basic statistics for the anthropometric measures at baseline and for the disease outcomes during the follow-up in the categories of baseline BMI. Mean BMI in this young male cohort was low (21.6 kg/m 2 SD 2.83), with 9% of the participants underweight, 81% normal weight, 8% overweight and 2% obese. As expected, blood pressure and muscle strength increased steadily with increasing BMI. Crude disease incidences were somewhat higher in the underweight than in the normal weight category, but otherwise they increased steadily with increasing BMI.
Results
When we analysed socioeconomic differences in height, BMI and strength indicators, we found that men with better education and higher occupational SEP were taller and had slightly lower BMI than those with lower social position ( Table 2) . For strength, however, the social gradient differed between the strength indicators: whereas elbow flexion and hand grip strength was higher among those with lower education and occupational SEP, knee extension strength showed a less clear social gradient. Social differences according to mother's and father's education and occupational SEP were similar to those found for own social position. Given that crude disease incidences showed some evidence for increased morbidity in underweight men, we first analysed CHD and stroke risk by categorized BMI (Table 3) . Compared with normal weight men, underweight men showed increased risk for intracerebral and subarachoid haemorrhage whereas for CHD and intracerebral infarction, disease risk was lower in underweight men. In overweight and obese men, risk was increased for CHD and all types of stroke. For subarachoid haemorrhage, the risk increase in obese persons was, however, much lower than for the other types of stroke and not statistically significant. Adjustment for DBP, SBP and the three measures of strength (Model 2) as well as own and parental education and occupational SEP (Model 3) attenuated the increased risk for intracerebral and subarachoid haemorrhage in underweight men, and it remained marginally statistically significant only for subarachoid haemorrhage. In the overweight and obese categories, the adjustments for these risk factors attenuated the risks, but the associations held. Table 4 presents the standardized HRs for height in relation to the three strength indicators. Since we found some non-linearity in the association between BMI and the disease outcomes, we adjusted the results for both categorized and continuous BMI in Models 2-4 (the parameter estimates for BMI not shown). Height was inversely associated with CHD and stroke incidence including all types of stroke. Adjustment for BMI, SBP and DBP (Model 2) as well as own and parental social position (Model 3) attenuated the risk estimates only slightly, and they remained statistically significant. Grip and knee extension strength showed inverse association with most disease outcomes in the unadjusted models (Model 1). Adjustment for BMI, SBP and DBP (Model 2) as well as own and parental social position (Model 3) somewhat strengthened these inverse associations.
In contrast to the two other strength indicators, elbow flexion strength showed positive or no association with all disease outcomes in the unadjusted models (Model 1). However, after the adjustment for the other risk factors, the positive associations between elbow flexion strength and the disease risk was eliminated (Model 3). In the final model with mutual control for all strength indicators (Model 4), knee extension strength showed a stronger inverse association with any type of stroke, intracerebral haemorrhage and subarachoid haemorrhage than grip or elbow flexion strength. No difference between grip and knee extension strength were seen for CHD (Model 4); for intracerebral infarction, elbow flexion strength showed the strongest inverse association. Finally, we analysed interaction effects between BMI and muscle strength categorized in quartiles for CHD and any stroke and found that these interaction effects were statistically non-significant for all strength indicators (P-values varied from Table 4 HRs (95% CIs) for 1 SD increase in height and muscle strength in relation to CHD and stroke incidence Owing to the small number of cases, no interaction tests were done for type-specific stroke.
Discussion
In this large cohort of young Swedish men, we found that knee extension and grip strength were inversely associated with CHD and stroke incidences including intracerebral haemorrhage, subarachoid haemorrhage and intracerebral infarction. These results support the findings of two previous studies where grip strength was associated with lower CVD mortality in middle age and elderly populations. 3, 4 Elbow flexion strength showed a positive association with disease risk, but this association disappeared when BMI and social position (own and parental) were added to the multivariable model. This suggests that high elbow flexion strength in young men is associated with socioeconomic and lifestyle factors predisposing to higher CVD risk in later life. We also found that knee extension strength had a stronger protective effect on stroke risk-including intracerebral and subarachoid haemorrhage-than grip or elbow flexion strength. Further studies analysing the associations between different muscle groups and metabolic factors are thus warranted. However, it is also possible that knee extension strength could be a better proxy indicator of general fitness and physical activity than elbow flexion and grip strength. After mutual adjustment for other strength indicators, the predictive power of them for the health outcomes in the present analyses decreased strongly. This is to be expected since as we have reported earlier, 21 they show moderate mutual correlations (r ¼ 0.43-0.54). In these analyses, knee extension strength showed somewhat stronger association with most of the disease outcomes than grip or elbow flexion strength.
Adiposity was strongly and positively associated with both CHD and stroke incidence, as found also in previous studies, 1,2 and the risk increased in similar ways in all categories of muscle strength. Underweight was associated with higher incidence of intracerebral and subarachoid haemorrhage but lower incidence of intracerebral infarction and CHD when compared with normal weight men. This is in accordance with several previous studies, which also found an increased risk of haemorrhagic stroke in lean persons; 2, [26] [27] [28] because of small number of haemorrhagic stroke cases in these studies, this risk estimate was statistically significant in only one. 27 Adjustment for SBP, DBP, muscle strength as well as own and parental social position, however, partly explained this increased risk in underweight men in our study. These results were supported by our previous study in the Finnish middle-aged population, which found that underweight was associated with low social position, marginalization and poor health behaviour, especially in men. 29 It is noteworthy that, because mean BMI was low in our data, underweight was not rare (9% of our study subjects belonged to this category). It is likely that a major proportion of the men who were underweight at conscription examination in young adulthood increased in weight during the following decades. This suggests that individuals that are underweight in young adulthood but normal weight during middle age may still be at increased risk for cerebrovascular complications later in life. We also found that tall stature was associated with lower CHD and stroke incidence. For CHD, this association has previously been reported in multiple studies and confirmed by a large twin study reporting similar association within twin pairs discordant for height and CHD mortality. 16 In contrast, the associations between height and type-specific stroke are still open for discussion. A Scottish study reported that height was strongly associated with haemorrhagic stroke but more weakly and statistically nonsignificantly with ischaemic stroke. 17 Similar results were found in a study of South Korean men. 30 However, a Japanese study reported that height was inversely associated with intracerebral infarction in men and women, although the risk estimate was statistically significant only for women. 31 In the same study, a non-significant inverse association was found between height and haemorrhagic stroke among men. It is noteworthy that in all of these three studies, the number of cases of specific types of stroke was small, which is likely to explain the discrepancy in these results. In contrast, in our study with much greater statistical power, the negative association of height with haemorrhagic stroke and intracerebral infarction was largely similar.
Our study has not only several advantages but also some limitations. The main advantage is the large sample size which, as described, allowed us to analyse type-specific stroke with adequate power. It is also noteworthy that conscription examination was mandatory by law in our birth cohorts, and thus participation bias because of self-selection does not exist. However, because disability or a severe chronic disease was a valid reason to be exempted, our cohort represents mainly healthy Swedish men at baseline. We also have information both on parental and own socioeconomic position from censuses with nearly 100% participation, which is probably less prone to reporting bias than self-reported data.
A clear limitation is that since our study design was based on utilizing conscription data, we had information only on men and thus our results cannot be directly generalized to women. Further, our data were not originally collected for other than scientific purposes, and detailed measurement protocols of strength indicators were not revealed by the Swedish army. Thus, we do not know exactly which muscle groups were tested. However, as indicated, the strength values correspond closely to values in adult Finnish male population, 23 and the correlations of nearby muscle groups are found to be very high. 32 Further, we have also previously reported that these strength indicators show moderate mutual correlations, and also the expected correlations were found within brother pairs suggesting at least satisfactory reliability. 21 However, it is plausible that the reliability of our measures may still be lower than in many other epidemiological cohorts. This may dilute the association between muscle strength and further CVD incidence, which should thus in this study be regarded as the lower limit of this association. If the measurement errors vary between the strength measures, it may also partly explain differences in the size of the associations between these strength measures and further CVD incidence. A limitation is also that we had information only on a limited number of risk factors of CVD. If we had had more detailed measures, for example on health behavioural factors, they may have partly explained the reported associations.
In conclusion, high muscle strength was associated with lower risk of CHD and stroke incidence. BMI showed positive association with risk of CHD and intracerebral infarction, whereas for intracerebral and subarachoid haemorrhage both under-and overweight were associated with increased risk. Height was inversely associated with CHD and all types of stroke. Our results show that body size and muscle strength in young adulthood are important predictors of further CVD risk.
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